 RESEARCH AND PRACTICE  Objectives. We tested the reliability of 3 instruments that assessed social and physical environments.
ity, reliability, and comprehensiveness of 32 instruments. In contrast, considering the apparent importance of the built environment, there is limited information in the literature on how best to measure various aspects, such as the presence of well-maintained sidewalks or whether shopping venues are within walking distance. 19 One method of measuring the perceived physical environment is through population-based surveys and surveillance systems. 20 Individual responses from these surveys can be aggregated to identify patterns in important design/neighborhood features (e.g., lack of access to sidewalks in rural areas) and to determine associations between these design features and behavior. [21] [22] [23] As yet, it is unclear whether the objective environment (e.g., actual counts of traffic) or the perceived environment (e.g., an individual's self-reported perception of crime in his/her neighborhood) is more important in explaining physical activity. 10, 11 As measures of perceived environments are developed, it is important to ensure that they can be administered by multiple modes (e.g., self and interviewer administered) and are reliable for broad populations. Our study reports the results of reliability testing of 3 instruments among urban and rural residents across the United States. A major focus of the instruments tested was the assessment of environmental characteristics that are believed to be related to recreational physical activity and nonmotorized transportation, although some instruments assessed other related variables.
METHODS Sampling Plan
Data were collected through telephone surveys of people aged 18 years and older An estimated 200 000 to 300 000 premature deaths occur each year in the United States because of physical inactivity. [1] [2] [3] [4] Accordingly, the goal of increasing physical activity is one of 10 "leading indicator" areas within the national health objectives of Healthy People 2010. 5 Even with the known health benefits of physical activity, more than one quarter of the American population remains completely inactive, and US trends in activity showed little improvement from 1990 to 1998. 6 More than 60% of the world's population is not physically active enough to achieve health benefits. 7 The physical, or built, environment is important in providing cues and opportunities for activity, 8 and it is associated with rates of physical activity in intervention studies and in large population-based surveys. 9 Support for the importance of the environment is derived from 2 distinct literatures. A review of 19 studies in the physical activity and health literature showed consistent associations of accessibility of recreational facilities, opportunities to be active, and certain aesthetic qualities with physical activity in adults. 10 Researchers in the transportation and urban planning fields have examined the relationship between community design variables and walking or cycling for transportation. Fourteen studies have consistently shown that people walk and cycle more when their neighborhoods have higher residential density, a mixture of land uses (e.g., shops are within walking distance of homes), and connected streets (e.g., gridlike pattern instead of many cul-de-sacs). 11 Other community design characteristics, such as the condition of sidewalks, the presence of bike paths, street design, traffic volume and speed, and crime, are hypothesized to be related to physical activity 12,13 but have not been systematically who lived in the continental United States. We used a modified version of the Behavioral Risk Factor Surveillance System (BRFSS) sampling plan 24, 25 in which a random-digit sample was purchased from a database company; 50% of the telephone numbers were from rural areas and 50% were from urban areas. Rural or urban residences were defined by US Census Bureau categories. The Census Bureau classifies as urban all territory, population, and housing units located within an urbanized area or an urban cluster. It delineates urban area and urban cluster boundaries to encompass densely settled territory, which consists of census blocks (e.g., a block bounded by city streets) that have a population density of at least 1000 people per square mile and have surrounding census blocks with an overall density of at least 500 people per square mile. The Census Bureau's classification of rural includes all territory, population, and housing units located outside of urban areas and urban clusters. 26 Because the purpose of our study was to determine test-retest reliability, respondents who completed the survey were asked if they would be willing to complete the survey again in 7 to 21 days, and they were asked for the most convenient time to call for the resurvey. The second calls were made within the 7-to-21-day time frame, and the survey was readministered. This time frame is often used in test-retest studies because it is a long enough period so that respondents are unlikely to remember their answers to the original survey, yet the time frame is short enough so that changes in behavior (e.g., seasonal changes in physical activity) are unlikely to have occurred. Each survey participant was assigned randomly to 1 of the 3 questionnaires.
Questionnaires
Three questionnaires were used: the San Diego instrument, the South Carolina instrument, and the St Louis instrument. Each of these had been previously tested for some psychometric properties but had not been tested for reliability side by side across a nationwide population. All 3 questionnaires, decribed in the following paragraphs, used the same sociodemographic questions (i.e., race/ Survey) . This 98-question instrument was developed by Sallis et al. to determine the perception of neighborhood design features hypothesized to be related to physical activity. The questionnaire includes questions about types of residences (to assess density), proximity of stores and facilities in the neighborhood, perceived access to these places, street characteristics (to assess connectivity), facilities for walking and cycling, neighborhood aesthetics, and safety regarding traffic and crime. The San Diego instrument was originally developed for self-administration and was therefore adapted for telephone administration in our study. A reliability study of a self-administered version of this instrument was completed in San Diego. 27 The South Carolina instrument. This 61-question instrument was developed by Ainsworth et al. and includes an assessment of the physical and social environments, including perceptions of the community environment (e.g., whether the neighborhood is pleasant), safety, access to recreation and shopping destinations, and conditions of the neighborhood and facilities. Thirteen items focus on the neighborhood, which is defined as a half-mile radius or a 10-minute walk from the respondent's home, and 13 items focus on the community, which is defined as a 10-mile radius or a 20-minute drive from the respondent's home. Additional physical activity questions from the BRFSS incorporate an assessment of employment activity as well as moderate and vigorous physical activities and global walking behaviors. This instrument was previously tested for reliability and validity among 1200 adults who lived in Sumter County, SC. 
Analyses
After cleaning and editing the data, the reliability of each variable from time 1 to time 2 was assessed with the 1-way model intra- Other includes Asians/Pacific Islanders and American Indians/Alaska Natives.
class correlation coefficient (ICC). 34 The ICC is derived from a 1-way analysis of variance, and it represents the proportion of total variation accounted for by the variability between, rather than within, subjects. As a rough guide, we followed the adjectival ratings suggested by Landis and Koch 35 in the following categories: 1.0 to 0.8 (almost perfect agreement), 0.8 to 0.6 (substantial agreement), 0.6 to 0.4 (moderate agreement), 0.4 to 0.2 (fair agreement), and 0.2 to 0.0 (poor agreement). Agreement for each of the 3 questionnaires also was considered separately for urban versus rural respondents, because earlier studies have shown that patterns in these environmental characteristics can vary widely depending on urban or rural residence.
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RESULTS
Compared with the overall US population, 26 our sample tended to overrepresent females, Whites, and persons who had more than a high school education. Statistically significant differences (P < 0.01) across the 3 samples were present for age group, education level, and employment status ( Table 1) . Coefficients of reliability were consistently high for sociodemographic variables (i.e., gender, race/ethnicity, age, education level, income, employment status); the ICC values ranged from 0.98 for gender and age to 0.82 for annual household income. These coefficients were similarly high across all 3 questionnaires. For the San Diego questionnaire (Table 2) , more than 70 different individual questions were used to form 8 major constructs. All means and frequencies in Tables 2, 3, and 4 are based on the second administration of the questionnaire because it represented the final sample after attrition. Across the various constructs, reliability coefficients were nearly always at the moderate level or higher. Within the construct "land use mixdiversity," the largest proportion of coefficients greater than or equal to 0.60 was found. Across all constructs, only 1 question resulted in poor reliability: the neighborhood characteristic of not many/any cul-desacs. The San Diego instrument also was constructed to allow calculation of scale reliabilities for the 8 domains (on the basis of the mean of questions within a scale). The ICC values for the 8 scales ranged from 0.41 for "street/walking environment" to 0.93 for "land use mix-diversity." Most scales were in the substantial agreement category. Reliabilities also were assessed separately for urban versus rural respondents (data not shown). Most constructs for the San Diego instrument measured the physical environment with about equal reliability in urban versus rural areas. Two constructs ("land use mix-diversity" and "neighborhood satisfaction") had higher ICC values for urban compared with rural respondents. For 1 construct ("neighborhood safety"), reliability tended to be higher for rural compared with urban respondents. Many differences in coefficients were small; however, when large differences ( > 50%) in coefficients were found, urban respondents nearly always showed higher reliability than rural respondents.
Results for 19 questions about the community and physical environment are shown for the South Carolina instrument (Table 3) . Among these variables, most questions (n = 10) were classified in the moderate agreement category, and 7 questions showed substantial reliability. The highest reliability was shown for the question regarding the presence of sidewalks (ICC = 0.87), and the lowest reliability was for the question regarding equal access to public recreation facilities (ICC = 0.39). Reliability was higher for urban respondents on 10 questions and for rural residents on 9 questions. In most cases, coefficient differences were small. Four exceptions were "problem with unattended dogs" (urban ICC = 0.76, rural ICC = 0.37), "safety of the public recreation facilities" (urban ICC = 0.37, rural ICC = -0.04), "condition of public recreation facilities" (urban ICC = 0.74, rural ICC = -0.07), and "use of shopping mall for physical activities" (urban ICC = 0.49, rural ICC = 0.26).
The highest proportion of questions within the St Louis questionnaire (Table 4) showed moderate reliability (n = 12). Only 2 questions ("most-liked feature of the walking facilities" and "hours spent driving for delivery/picking up kids/errands per week") resulted in poor agreement. Except for the question about hours spent using a computer, each of the questions that attempted to measure sedentary behaviors showed only fair or poor agreement. Differences in reliabilities for urban versus rural respondents were more distinct for the St Louis instrument than for the other 2 questionnaires. For questions that assessed the community environment, 1 question ("leastliked feature of the walking facility") was more reliable for urban respondents, and all other questions showed higher reproducibility among rural respondents. Of the 5 questions that assessed sedentary behaviors, 4 showed higher reliability for urban compared with rural respondents, and 1 question in this domain ("hours spend driving for delivery/picking up kids/errands") showed no urban-rural variation. Finally, for neighborhood safety, 7 of 8 questions were more reliable for rural compared with urban respondents.
DISCUSSION
There is growing recognition that it is essential to understand, and eventually intervene on, environmental and policy factors if we are to increase population rates of physical activity. 9, 10, 36 To conduct research studies that test these environmental hypotheses, it is essential to improve measurement of environmental variables. There are at least 2 ways in which these environmental factors can be measured. First, unobtrusive indicators or measures are those on which data can be collected without an individual's or community's awareness. 20 They often include examining physical surroundings, archival (public) records, sales records, institutional records, and personal documents, as well as observational measures recorded for specific events. [37] [38] [39] [40] Recently, systematic direct observations of features of the physical environment within communities has been shown to be a useful and reliable method for collecting data. 41 Regardless of how data are collected, they can be mapped and analyzed with geographic information system technologies.
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The other main source of environmental measures is from survey or surveillance data on individuals that can be aggregated to some larger unit (e.g., zip code) and compared across subgroups. The 3 instruments used in our study are useful for this type of data collection and analysis. Although each instrument was designed for a slightly different purpose, most of the variables were reasonably reliable in a diverse sample of adults. In spite of differences in content and response formats, all 3 surveys showed evidence of reliability, and most items are now ready for use in research and in public health surveillance. Several patterns in our data deserve mention:
• Most questions in our surveys that attempted to measure specific characteristics of the built environment (e.g., distance between destinations, presence of sidewalks) showed moderate to high reliability.
• Questions about the social environment (e.g., perceived safety in one's neighborhood) showed lower reliability than those that assessed the built environment.
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• Certain blocks of questions appeared to be selectively more reliable for urban or rural respondents (e.g., residential density was more reliably reported among urban respondents). We expected many of these items to perform better in urban samples, because most environmental constructs were derived from studies or from considerations of urban settings. Some variables may be largely irrelevant for rural environments. One research priority is to identify environmental variables in rural settings that might be related to physical activity.
• When the reliability of entire scales were tested, ICC values tended to fall in the substantial agreement (0.6-0.8) category.
• Additionally, some questionnaire items with responses that vary on the time of the day, such as availability of parking at stores and traffic patterns, may not be suitable for pointin-time reliability testing.
When determining which questionnaire scales to use in a particular study, there is a trade-off between the ability to comprehensively measure all domains and the feasibility of collecting data efficiently. It is necessary to match environmental variables with the physical activity outcomes of interest, and very specific hypotheses may need to be developed. For example, walking for transportation is likely to be related to the presence of shops nearby, and walking for recreation may be more related to neighborhood aesthetics. Bicycling is expected to be related to accessibility of cycling facilities, and other types of recreational physical activity may be related to presence, condition, and accessibility of recreational facilities. The 3 questionnaires we evaluated can assess a wide range of environmental variables that allow researchers to test multiple hypotheses.
The next research priority is to test hypotheses about the relationship between environmental variables and physical activity. Because it is not clear whether perceived or objectively measured environmental variables provide more explanatory power, the use of triangulation-applying multiple methods of data collection to determine points of concordance or disagreement 44, 45 -is recommended. A broad range of populations Note: ICC = intraclass correlation coefficient.
should be studied for several reasons; for example, children and older adults are likely to do physical activity in different settings. Both cross-sectional and longitudinal studies are needed in multiple settings that range from urban to rural locales. To adequately explain physical activity, researchers should examine the separate and interactive contributions of psychological, social, and environmental variables. 12 As consensus is reached on the most important correlates or predictors of physical activity, these variables can be incorporated into national surveillance systems.
There are several limitations to our study that deserve mention. We relied on selfreported telephone survey data for which there are several potential biases (e.g., possible underrepresentation of lower socioeconomic status segments of the population). [46] [47] [48] Our questions about the environment were self-reported and did not include separate objective measures that would allow assessment of validity (i.e., presence of some "gold standard"). However, 1 recent study found statistically significant associations between self-reported and objectively measured (with geographic information systems) characteristics of trails that may influence physical activity. 43 We do not intend to imply that perceived environment measures are preferred over objective measures. At this early phase in this field of research, it is important to evaluate both perceived and objective measures of the environment as they relate to physical activity. Our response rate for the initial survey was lower than anticipated. However, because our study was not developed to measure prevalence, and because the follow-up response rate was reasonable (64%), our reliability results should not be subject to substantial bias.
Other similar reliability studies of questionnaires on physical activity have shown response rates from 13% to 54%, [49] [50] [51] and many reliability studies have relied on convenience samples. Both the length of the survey/completion time and the content areas may be factors in the low baseline response rate. Surveillance of chronic diseases has focused primarily on the diseases themselves until recently, when national systems began tracking behavioral risk factors and changes in preventive health practices. 25, [52] [53] [54] Our study suggests that numerous dimensions of the physical environment can be measured reliably with telephone survey methods. Multisite collaborations such as ours allow for the testing of multiple instruments simultaneously. Surveillance systems need to begin capturing key aspects of the physical and social environments in addition to the main focus on the behavior of physical activity.
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CONCLUSIONS
Our study contributes to the growing understanding about the ability to measure people's perceptions of their physical and social environments in community settings. These surveys have been shown to be reliable in diverse adult samples and are now available for use in further studies. Additional studies are needed to establish the validity of perceptions about environmental variables that may be related to physical activity. 
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